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Abstract 

Objectives: 

consequences of alternative management strategies in the event of an outbreak of an 
infectious agent. The scope of the capability will include cities, regions, nations or the 
world. The accuracy of forecasts will be enhanced by the assimilation of incoming data 
during the course of an epidemic, in an analogous manner to the use of current 
meteorological data in weather prediction. Forecasts will initially focus on the state of 
health of individuals during the epidemic (e.g., ill, dead, recovered), but will later extend 
to community-level economic and behavioral (e.g., panic, trauma) consequences. The 
project builds on our experience with the development of EpiSims (CBNP funded in 
FY00-02 under PI C. Macken). 

Ability to assimilate, in real time, data from medical, environmental and population 
surveillance systems to continually refine and improve epidemiological forecasts. 

Modularity to facilitate adaptation to different surveillance resolutions and qualities, 
different classes of pathogens, and different geographical locations and demographics. 

Fast, nimble software designed using state-of-the-art computer science techniques, to 
enable rapid response on a variety of platforms. 
The project also includes the creation of a unique national resource: an individually- 
resolved data set collected during the course of a real influenza epidemic, specifically 
developed for the validation and verification of individually-resolved epidemiological 
simulations. 

The goal is to provide decision makers with a tool for the real-time forecasting of 

Salient features of the software architecture will include: 

Recent Progress: 
The project started in January, 2003. As illustrated in Fig. 1, the four core 

technical activities (in blue) are being pursued in parallel, coordinated by the planning for 
the overall architecture of EpiCast. 

To speed the development of the capability, an existing modular system that 
addresses the above goal was selected and is currently being tested; this system was 
developed for simulating and visualizing molecular dynamics , arguably a near relative to 
agent-based simulations. We have demonstrated the flexibility of this capability by 
reproducing the results of a recent study of a bioterrorist event involving smallpox. The 



original work generated statistics from 50 realizations of simulated outbreaks in 
communities of 2000 people each. We have demonstrated that we can simultaneously 
examine 505,600 realizations of simulations involving 2000 people each - or over one 
billion people total - on Los Alamos' open QSC machine. (Using 128 processors, it took 7 
hours of wall-clock time to simulate an epidemic over a course of 365 days.) From this 
baseline study, we are using a model of interconnected communities to expand our 
simulations to cities and to large regions. On this same platform, we are beginning to 
research methods for assimilation of real-time data, a complex theoretical problem. 
To select the level of description required in the model, we are using EpiSims to evaluate 
the sensitivity of predictions to various choices about the model of an epidemic. We have 
been able to identify important and unimportant variables; these insights are guiding our 
design of EpiCast. For example, for an influenza outbreak in Portland, OR, runs of 
EpiSims show that the global characteristics of the epidemic (e.g., number of new 
infections) are insensitive to large changes in the population mobility when the epidemic 
is randomly seeded throughout the population. Yet, we observe that the course of the 
epidemic is sensitive to specific seeding into different groups of family size or ages. 
When possible, we are comparing our predictions with an analysis that we carried out 
earlier this year of the data from the "Seattle Flu Watch", in which respiratory infections 
in several hundred households were tracked over time between 1975 and 1979. 
To make progress on the adaptive population mobility model, which includes changing 
behavior patterns as a consequence of the epidemic, we have engaged an industrial 
collaborator, Innovative Emergency Management (IEM). IEM has expertise in modeling 
public responses to a crisis. They will provide user requirements for the development of 
EpiCast from their sponsors. We have also developed a general model for individual 
behavior that combines a variety of validated behavior models (habitual, social, rational, 
differential). 
The two remaining components, the individual immune model and the inter-person 
transmission model, are of sufficient readiness to await development in the other 
components. 

Future Outlook: 
By the end of FY03, we will have a scalable EpiCast tool (without data assimilation) as a 
demonstration capability that is executable on platforms ranging from a PC to a 
supercomputer. In FY04, we will begin the planning and execution of the validation data 
set, with Prof. Samet of The Johns Hopkins University and Dr. Wiese, Institute of Public 
Health, UNM. The data assimilation methodology will be developed and implemented in 
FY04, with a baseline capability in early FY05. While developed for epidemics, this 
methodology has broad applicability across all homeland security activities that involve 
rich data streams and comparable simulations. The EpiCast capability can also be used 
within training tools, for example those currently under development by Sandia National 
Laboratories for public health officials. 

This work was carried out under the auspices of the National Nuclear Security 
Administration of the U.S. Department of Energy at Los Alamos National Laboratory 
under Contract No. W- 7405-ENG-36 
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Opportunity for an Epidemiological 
Defense Capability 

Traditional epidemiology is a historical study to prevent future epidemics 

Epidemiology is currently undergoing a revolution, comparable to the past 

Similar driving factors are present in both cases: 

changes in weather quantification and prediction 

J Vastly increased and higher quality data s m e s  
J Improved understanding of the basic processes 
./ Advanced computinghnformation resources 

Existing national resources which can be coordinated and integrated: 
J Active environmental and syndromic biosurveillance program 
J Forefront computational immunology research 
J Individual-resolved epidemiological modeling (EpiSims) 
J Critical infhstructure simulation and analysis (NZSAC) 
J World-class computing resources 

1 
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EpiSims 

Funded by CBNP in FYOO-02 and by NISAC 
Combines unique national laboratory capabilities: 

J TranSIMS: individually-resolved population mobility simulation 
J Computational individual immune model 
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Transportation Sensitivity with EpiSims 
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I Initially Infected Study (Influenza) with EpiSims 
Epidemic seeded by 80 people in different groups 
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Real-world Influenza Data 
"Family plu Study" conducted 1975-79 in Seattle 
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EpiSims 

Major Concluslons: 
e.' Sensitivity to individual mobility is dependent on initial seeding 

Individual immune modeling is almost always important 
- ,vlodifications in behavlor (e.g., self-quarantine) is required 

Broader sampling of realizations and validation is essential at this time 

Transition from EpiSims to EpiCast 

EpiCast makes two fundamental additions to EpiSims: 
The ability of the individuals to adapt their behavior to an epidemic 
The ability to "assimilate" data to improve the accuracy of the 

Use EpiSims to guide simplification without reducing accuracy 

prediction of the epidemic 

.I 

4 



apiCast - an integrated library of modules for the simulation of the evolution 
of an epidemic, typically resolved at (but not restricted to) the individual 
level. 

I 

Applying the NW expertise in multimillion- 
atom simulations to agent-based models 
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The Longini Community Model for Smallpox 

A N o  intervention 

'1 

1 J '  mtion 

4 

J 

4 

Billion-person simulations of smallpox epidemics 

Each 2000-person community is mapped to a computational cell 
Initially non-interacting communities (travel is readily added) 
Trial simulations on QSC (128 processors, 7 hours wall-clock): 
505,600 communities (1 .01~10~ people) 

I 

6 



What is the effect of residual immunity 
(no recent vaccination)? 

.J Two cases: pre-1972 vaccinations have 0% or 50% efficacy 
4 Bimodal attack rate distributions: 

Either an initial outbreak is avoided, or a major epidemic develops with attack rates -35% 
and 56%, with and without prior residual immunity, respectively 

J With the enormous sampling, possible outliers can be found in << 0.1% of the 
communities - better risk prediction of outliers 
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Results by age 
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is important 
Adult protection due to residual 
immunity has a minor benefit to 
children 
Elderly people are protected by 
their relative isolation 
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Effect of Vaccination 
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Future of a Capability of Modeling a Million Communitied 
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Day vs. Night Population 
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I Lifecycle Roadmap for EpiCast Project 1 
Start Jan 03 

Capablltly 

41 TI I 
FY -I03 ‘04 ‘05 ‘06 ‘07 

Treat symptoms? Detect to treat? Detect to warn:’ I 
Current focus of the DHS program is Urban monitoring 

.IWhat type of laboratory tests are needed? How quickly? How accurate? 

./What sensors are needed? How accurate? How fast? How cheap? 
{What decision support system is needed? How robust? How responsive? 
JWhat synergy is possible with the daily health-care systems? 
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An example - 2001 Amerithrax 
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Another example - SARS 

The “biggest” effect was change of social behavior and the 
consequent economic impact. 
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Opportunity for an Epidemiological 
Defense Capability 1 I 

Epidemiological simulations connect large conponents of the problem 

. .-r-,- 
tion I ' - 

I -  I - ITS 

I 

Biological Countermeasures Require 
an Integrated Simulation Capability 
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